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ﺳﻄﺢ ﺟﻬﺎﻧﻲ آﻟﻮدﮔﻲ ﻣﺤﻴﻄﻲ ﺑﻪ ﻓﻠﺰات ﺳﻨﮕﻴﻦ ﺑﻪ دﻟﻴﻞ ﭘﻴﺸﺮﻓﺖ ﺳﺮﻳﻊ ﺻﻨﻌﺖ و ﺑﻪ ﺧﺼﻮص در زﻣﻴﻨﻪ و ﻫﺪف: 
ﻛﺸﻮرﻫﺎي در ﺣﺎل ﺗﻮﺳﻌﻪ ﺑﻪ ﻃﺮز ﻧﮕﺮان ﻛﻨﻨﺪه اي ﺑﺎﻻ رﻓﺘﻪ اﺳﺖ ﻛﻪ ﭘﻴﺎﻣﺪ اﻳﻦ ﻣﻮﺿﻮع آﻟﻮدﮔﻲ زﻧﺠﻴﺮه ﻏﺬاﻳﻲ و ﮔﺴﺘﺮش 
ﺑﺮرﺳﻲ ﺣﺬف ﻓﻠﺰات ﺳﻨﮕﻴﻦ ﻣﺲ و روي از زه آب اﻳﻦ ﭘﮋوﻫﺶ ﺑﺎ ﻫﺪف  ﺑﻴﻤﺎري ﻫﺎي ﻣﻬﻠﻚ ﻣﺮﺗﺒﻂ ﺑﺎ اﻳﻦ ﻓﻠﺰات اﺳﺖ.
  .اﺳﻴﺪي ﻣﻌﺪن ﻣﺲ ﺳﺮﭼﺸﻤﻪ ﺑﺎ اﺳﺘﻔﺎده از ﺟﺎذب ﻫﺎي ﻣﻌﺪﻧﻲ ورﻣﻲ ﻛﻮﻟﻴﺖ و ﻛﺎﺋﻮﻟﻦ اﻧﺠﺎم ﺷﺪ
در ﻣﺮﻛﺰ ﺗﺤﻘﻴﻘﺎت ﻣﻬﻨﺪﺳﻲ ﺑﻬﺪاﺷﺖ ﻣﺤﻴﻂ داﻧﺸﮕﺎه ﻋﻠﻮم  6931ر: دراﻳﻦ ﻣﻄﺎﻟﻌﻪ ﺗﺠﺮﺑﻲ ﻛﻪ در ﻧﻴﻤﻪ دوم ﺳﺎل روش ﻛﺎ
ﺬار ﺑﺮ ﺣﺬف ﻓﻠﺰات ﻣﺲ و روي از زه آب اﺳﻴﺪي ﻣﻌﺪن ﻣﺲ، ﺷﺎﻣﻞ دﻣﺎ، ﻏﻠﻈﺖ ﭘﺰﺷﻜﻲ ﻛﺮﻣﺎن اﻧﺠﺎم ﮔﺮﻓﺖ ﻋﻮاﻣﻞ ﺗﺎﺛﻴﺮ ﮔ
 روي ﺣﺬف ﺑﻬﻴﻨﻪ ﺷﺮاﻳﻂ در ﻫﺎ آزﻣﺎﻳﺶ ﻣﻮرد ﺑﺮرﺳﻲ ﻗﺮار ﮔﺮﻓﺖ. Hpﺟﺎذب، زﻣﺎن ﺗﻤﺎس، ﻏﻠﻈﺖ اوﻟﻴﻪ ﻓﻠﺰات، اﻧﺪازه ذرات و 
 ﺑﺮ ﻫﺎ ﺑﺮداري ﻤﻮﻧﻪﻧ و ﻫﺎ آزﻣﺎﻳﺶ .ﺷﺪ آزﻣﺎﻳﺶزه آب اﺳﻴﺪي ﻣﻌﺪن ﻣﺲ ﺳﺮﭼﺸﻤﻪ رﻓﺴﻨﺠﺎن ﺗﻮﺳﻂ ورﻣﻲ ﻛﻮﻟﻴﺖ و ﻛﺎﺋﻮﻟﻦ 
  اﻧﺠﺎم ﺷﺪ.  و ﻳﻜﻢ ﺑﻴﺴﺖ وﻳﺮاﻳﺶ ﻓﺎﺿﻼب و آب اﺳﺘﺎﻧﺪاردﻫﺎي ﻛﺘﺎب در ﻣﻨﺪرج ﻫﺎي روش اﺳﺎس
ﻣﻴﻠﻲ ﻣﺘﺮ،  0/5-0/8، اﻧﺪازه ذرات 5ﺑﺮاﺑﺮ  Hp ﺑﺎ ﻛﺎرﺑﺮد ﺟﺎذب ورﻣﻲ ﻛﻮﻟﻴﺖ در  2+uC: ﺷﺮاﻳﻂ ﺑﻬﻴﻨﻪ در ﺣﺬف ﻳﺎﻓﺘﻪ ﻫﺎ
دﻗﻴﻘﻪ ﺣﺎﺻﻞ ﺷﺪ و  راﻧﺪﻣﺎن ﺟﺬب ﺑﻬﻴﻨﻪ ﺑﺮاي  59زﻣﺎن ﺗﻤﺎس ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ و  42درﺟﻪ ﺳﺎﻧﺘﻴﮕﺮاد، ﻏﻠﻈﺖ ﺟﺎذب  53دﻣﺎي 
ﺑﺎ ﻛﺎرﺑﺮد ﺟﺎذب ورﻣﻲ     2+nZ% ﺑﻪ دﺳﺖ آﻣﺪ. ﺷﺮاﻳﻂ ﺑﻬﻴﻨﻪ در ﺣﺬف 28% و 39ﻧﻤﻮﻧﻪ ﻫﺎي ﺳﺎﺧﺘﮕﻲ و واﻗﻌﻲ ﺑﺘﺮﺗﻴﺐ 
 59ﺎس ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ و زﻣﺎن ﺗﻤ 42درﺟﻪ ﺳﺎﻧﺘﻴﮕﺮاد، ﻏﻠﻈﺖ ﺟﺎذب  53ﻣﻴﻠﻲ ﻣﺘﺮ، دﻣﺎي 0/5-0/8، اﻧﺪازه ذرات 5 Hpﻛﻮﻟﻴﺖ در 
% ﺣﺎﺻﻞ ﺷﺪ. ﺷﺮاﻳﻂ ﺑﻬﻴﻨﻪ 17% و 58دﻗﻴﻘﻪ ﺑﻪ دﺳﺖ آﻣﺪ و راﻧﺪﻣﺎن ﺟﺬب ﺑﻬﻴﻨﻪ ﺑﺮاي ﻧﻤﻮﻧﻪ ﻫﺎي ﺳﺎﺧﺘﮕﻲ و واﻗﻌﻲ ﺑﺘﺮﺗﻴﺐ 
درﺟﻪ  53ﻣﻴﻠﻲ ﻣﺘﺮ، دﻣﺎي  0/5-0/8، اﻧﺪازه ذرات ﻣﻌﺎدل 5ﻣﻌﺎدل  Hpﺑﺎ اﺳﺘﻔﺎده از ﺟﺎذب ﻣﻌﺪﻧﻲ ﻛﺎﺋﻮﻟﻦ در 2+uCدر ﺣﺬف 
دﻗﻴﻘﻪ ﺑﻪ دﺳﺖ آﻣﺪ و  راﻧﺪﻣﺎن ﺟﺬب ﺑﻬﻴﻨﻪ ﺑﺮاي ﻧﻤﻮﻧﻪ ﻫﺎي  59زﻣﺎن ﺗﻤﺎس ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ و  42ﺳﺎﻧﺘﻴﮕﺮاد، ﻏﻠﻈﺖ ﺟﺎذب 
، 5ﻣﻌﺎدل  Hpﺑﺎ ﻛﺎرﺑﺮد ﺟﺎذب ﻣﻌﺪﻧﻲ ﻛﺎﺋﻮﻟﻦ در   2+nZ% ﺑﻮد. ﺷﺮاﻳﻂ ﺟﺬب ﺑﻬﻴﻨﻪ  56و   %28ﺳﺎﺧﺘﮕﻲ و واﻗﻌﻲ ﺑﺘﺮﺗﻴﺐ 
دﻗﻴﻘﻪ ﺑﻪ  08زﻣﺎن ﺗﻤﺎس  ﮔﺮم ﺑﺮ ﻟﻴﺘﺮ و 42درﺟﻪ ﺳﺎﻧﺘﻴﮕﺮاد، ﻏﻠﻈﺖ ﺟﺎذب  53ﻣﻴﻠﻲ ﻣﺘﺮ، دﻣﺎي  0/5-0/8اﻧﺪازه ذرات ﻣﻌﺎدل 
  % ﺑﻮد.65  %18/3 ﺗﺮﺗﻴﺐ ﻪ دﺳﺖ آﻣﺪ و راﻧﺪﻣﺎن ﺑﻬﻴﻨﻪ ﺟﺬب ﺑﺮاي ﻧﻤﻮﻧﻪ ﻫﺎي ﺳﺎﺧﺘﮕﻲ و واﻗﻌﻲ ﺑ
ﺟﺎذب ﻫﺎي ﻣﻌﺪﻧﻲ ورﻣﻲ ﻛﻮﻟﻴﺖ و ﻛﺎﺋﻮﻟﻦ ﻗﺎدر ﺑﻪ ﺣﺬف ﻣﻮﺛﺮ ﻳﻮن ﻓﻠﺰات ﻣﺲ و روي از زه آب اﺳﻴﺪي  ﻧﺘﻴﺠﻪ ﮔﻴﺮي:
ﻧﻤﻮﻧﻪ واﻗﻌﻲ زه آب اﺳﻴﺪي ﻣﻌﺪن ﻣﺲ ﺑﺎ راﻧﺪﻣﺎن ﻣﻮﺛﺮﺗﺮي  ﻣﻌﺪن ﻣﺲ ﻫﺴﺘﻨﺪ. ورﻣﻲ ﻛﻮﻟﻴﺖ ﻗﺎدر ﺑﻪ ﺣﺬف ﻳﻮن ﻓﻠﺰ ﻣﺲ از
  اﺳﺖ.
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Abstract 
The global level of environmental pollution of heavy metals has been alarmingly rising due to 
rapid industrial progress, especially in developing countries. The consequence of this is the 
contamination of the food chain and the spread of fatal diseases associated with these metals. 
This research wascarried out with the aim of investigating the removal of heavy metals of copper 
and zinc from Sarcheshmeh acid copper mine drainage, using mineral absorbents of vermiculite 
and kaolinite. 
In this experimental study, factors affecting the removal of copper and zinc metals from acid 
copper mine drainage, including temperature, adsorption concentration, contact time, particle 
size and pH were investigated. Experiments were carried out under optimal conditions from 
Sarcheshmeh acid copper mine drainage using vermiculite and kaolinite. The experiments were 
performed using techniques set forth in the Standard Methods for the Examination of Water and 
Wastewater (٢١st Edition). Optimum conditions for removal of Cu + ٢ were achieved by 
application of vermiculite adsorbent at pH ٥, particle size ٠٫٥-٠٫٨ mm, temperature ٣٥ ° C, 
adsorbent concentration of ٢٤ g / l and contact time of ١٠٠ minutes. The optimum absorption 
efficiency for the synthetic and real samples were ٩٣٪ and ٨٢٪, respectively. Optimum 
conditions for Zn + ٢ removal were obtained by using Vermiculite adsorbent at pH ٥, particle 
size ٠٫٥-٠٫٨ mm, temperature ٣٥ ° C, adsorption concentration of ٢٤ g / l and contact time of 
١٠٠ minutes, and optimum absorption efficiency for the synthetic and real samples were ٨٥٪ and 
٧١٪, respectively. Optimum conditions for the removal of Cu + ٢ were obtained by using 
kaolinite at pH ٥, particle size of ٠٫٥-٠٫٨ mm, temperature ٣٥ ° C, adsorbent concentration of ٢٤ 
g / l and contact time of ١٠٠ minutes. The optimum adsorption efficiency for the synthetic and 
real samples was ٨٢٪ and ٦٥% respectively. Optimum adsorption conditions of Zn + ٢ were 
determined using Kaolinite at pH ٥, particle size of ٠٫٥-٠٫٨ mm, temperature ٣٥ ° C, adsorbent 
concentration of ٢٤ g / l and contact time of ١٢٠ minutes, and optimum adsorption efficiency for 
the synthetic and real samples were ٨٣٪ and ٥٦٪, respectively. solotion pH and in the next step, 
adsorbent concentration played a significant role in the process of ion adsorption of copper and 
zinc metals from the synthetic and the real sample. At pH = ٥ and above, the adsorption 
efficiency rises as the H + ion decreases and, consequently, decreases the competition of these 
ions with cations to occupy vacant free adsorption sites. The high concentration of adsorbents 
due to the increase in the number of adsorption sites and the increase of the pH of the solution 
greatly increases the efficiency of the adsorption process. Due to the fact that the adsorption is 
carried out uniformly on a monolayer surface, the adsorption process is followed by the 
Langmuir isotherm.   
Conclusion: Vermiculite and kaolinite are able to effectively remove copper and zinc metals 
from the acid copper mine drainage. Vermiculite is able to remove copper ion from the real 
sample of acid copper mine drainage with higher efficiency. 
Keywords: Heavy metals; Acid mine drainage; Vermiculite; Kaolinite.  
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